Even in the era of gene-expression profiling, the nodal status still remains the primary prognostic discriminant in breast cancer patients. The exclusion of node involvement using noninvasive methods could reduce the rate of axillary surgery, thereby preventing from suffering complications. However, lymphatic mapping with sentinel node biopsy (SNB) is one of the most interesting recent developments in surgical oncology. Optimization of procedure could be implemented by dual mapping injection site skills, resection of all hot or blue nodes through tracer combination, and improvement in atypical drainage patterns mapping. This anatomical analysis suggests safety measures in patients with high probability of node metastasis through a renewed interest in surgical management. The perspective of a guided axillary sampling (GAS) could represent a potential development of recent anatomical and functional acquisitions, offering a dynamic technique shared according to clinical and anatomical disease parameters. Furthermore, the surgical staging procedures may adopt a conservative approach through the evaluation of upper arm lymphatics, thus defining a functional model aimed at the reduction of short-and long-term adverse events. Quality results in breast cancer surgery need to generate oncological safety devoid of complications through renewed clinical experience.
Introduction

Health Problem: Breast Cancer and Axillary Metastases.
Overall, breast cancer five-year age-standardized survival rates are around 80%. Survival varies with age and stage of disease from 88-69% (I-II) to 43-12% (III-IV) [1] . Although newer markers of oncogene expression show promise with respect to treatment of disease, the nodal status still remains the primary prognostic discriminant and is important for tailoring treatment. Axillary nodes are the most common sites of expansion outside the breast, occurring in approximately 41% of cases, and prognosis is better when there is no lymphatic invasion [2] . Additional large, well-conducted studies are required to obtain more accurate data on sensitivity and specificity of imaging techniques, in addition to the accuracy and costs of the different diagnostic methods. Where metastases are present, surgical removal of axillary nodes is indicated in order to ensure staging accuracy and local disease control. Furthermore, even a combination modality of three noninvasive diagnostic imaging techniques (US, PET-TC, and MRI) cannot substitute for an invasive method to make decisions for appropriate systemic interventions. Traditional staging requires dissection in Level I and II axillary lymph nodes (ALND) with 10 or more removed nodes. ALND is very accurate in establishing the presence of axillary disease and has the therapeutic advantage of being associated with a high long-term local disease control rate. However, ALND is associated with significant complications (e.g., 21% of arm lymphedema, 22% of seromas, and 14% of infection rate) [3] . In recent years, however, sentinel lymph node biopsy (SLNB) has been proven to be a feasible, accurate, and suitable method for staging the axilla, while avoiding the morbidity of ALND, in patients with clinically nodenegative breast cancer on clinical examination, ultrasound, or fine needle aspiration cytology [4] . As a minimally invasive approach, SLNB has become a standard surgical technique 2 International Journal of Breast Cancer in the management of early breast cancer patients whereby prevalence is assumed fixed at 41.2% [5] . A reduction in morbidity is an obvious goal but the more challenging metric is demonstrating that survival is not adversely affected. Sentinel node surgery represents the next major step in reducing the extent of surgical procedures, but, despite the revolution of quality conserving care, recent data collection and analyses using anatomical techniques suggest that the exact lymphatic drainage of the breast continues to be debatable [6] . Different lymphatic patterns may help to explain some important unresolved clinical problems, including different detection rates in different studies and high false-negative rates of about 10% in multicenter randomized controlled trials [7] . Further anatomical investigation and knowledge of the exact sentinel lymphatic channels (SLCs) will provide more underlying information about patterns of breast cancer in order to improve surgical strategy, locoregional recurrence, and survival.
Diagnostic Accuracy and Implication for Service Provision
Clinical Results of Imaging Diagnostic Pathway.
In the era of SLNB, the exclusion of nodal involvement using noninvasive methods could reduce the rate of axillary surgery, thereby preventing patients without lymph node (LN) metastases from suffering complications. Therefore, the sensitivity, specificity, and accuracy of diagnostic imaging techniques (US, PET-TC, and MRI) have been appropriately examined (Table 1) . Ultrasound (US) is currently recommended prior to surgical assessment of the axilla for all patients with earlystage breast cancer. A systematic review estimated the average sensitivity at 44-61% in patients with nonpalpable axillary nodes and the specificity at 75-86% in all patients. Furthermore, if clinical and US scans suggest nodal metastases on the basis of size or abnormal morphology, US-guided biopsy (FNAC or Core biopsy) of abnormal nodes is undertaken, which detects 45% of metastases [8] . Preoperative axillary US is a widely accepted diagnostic method that provides additional value in detecting pathological spread but on its own is insufficiently specific to obviate the need for SLNB because of the substantial number of FN results, particularly in N1 disease, although it may almost exclude N2 and N3 disease [9] . A large number of prospective randomized studies must be completed for validation of performance results with additional relevant costs. Positron emission tomography (PET-TC) is a nuclear medicine imaging technique that produces a three-dimensional map of functional processes in the body. Across 26 studies ( = 2591 patients) evaluating PET or PET-CT or PET only for assessment of axillary metastases, the mean sensitivity was 56-66% and the mean specificity was 93-96%. However, there was a trend for lower sensitivities where metastatic lymph nodes were smaller or less in number. Micrometastases (>2 mm) were associated with a mean sensitivity of 11% based on data from five studies ( = 63), while macrometastases (>2 mm) were associated with a mean sensitivity of 57% based on data from four studies ( = 111) [5] . A further meta-analysis of 25 studies including 2460 patients reported that PET-CT provided lower sensitivity (37% to 85%) and high specificity (84% to 100%). Compared with the combination of breast sonography and mammography, PET-CT was less sensitive and had less accuracy in detecting node disease. Consequently, it is not a reliable noninvasive modality to assess node involvement to replace ALND or SLNB before decisions are made on appropriate systemic interventions [10] . MRI scanning may provide information on whether a lesion is suspicious for metastasis based on criteria such as size, morphology, and enhancement characteristics following administration of a contrast agent. Several MRI studies reported more than one set of diagnostic accuracy results, according to different criteria, but the contrast of use and uptake pattern was the main requirement for defining a node as metastatic with a better combined sensitivity (90%) and specificity (90%) [11, 12] . The morphological features of lymph node enhancement defects and dilated lymphatic vessels show potential for differentiating metastatic nodes through magnetic resonance lymphangiography (MRL). The physiology of MRL makes the identification of SLNs readily apparent due to gadoliniumbased contrast uptake within lymphatic vessels and lymph nodes following intradermal injection, but further investigations would have to be performed to identify the accuracy of new biomarkers on these pathological findings [13] . In order to evaluate the effects on patient outcomes and costeffectiveness of enhanced imaging techniques compared with the standard assessment, Cooper et al. modified the standard pathway. Key findings from diagnostic results suggested that the most cost-effective strategy might be MRI or PET rather than SLNB or 4-NS, reducing costs, and increasing quality of life years due to fewer adverse events for the majority of patients. However, the two strategies of replacing axillary sampling with imaging techniques may be considered unacceptable on clinical grounds due to the higher numbers of FN cases (leading to higher risk of recurrence) and FP cases (leading to unnecessary ALND). In the MRI replacement strategy, the number of FP cases increased significantly from 0.2% to 6.3% and the number of FN cases increased to a lesser extent, from around 1.0% to 1.9%. In the PET replacement strategy the numbers of both FP and FN cases increased significantly, from 0.2 to 3.6% for FP cases and from around 1.0% to 7.2% for FN cases [5] . Positron emission tomography and MRI are assumed to be associated with neither short nor long term adverse events. However, due to the lower accuracy of the imaging techniques, more FP and FN cases will be produced, which will lead to increased costs, poorer quality of life due to adverse events, and, in some cases, a higher probability of recurrence and subsequent death from breast cancer. Kwak's et al. evaluation of SLNB in 323 patients with breast cancer suggests that no imaging techniques like US, MRI, and PET-CT can replace surgical staging and histologic confirmation of nodal status. The presence of axillary LN metastasis on preoperative imaging carried 82.1% sensitivity, 45.9% specificity, 33.8% positive predictive value, and 86.1% negative predictive value for determining axillary metastasis on final pathology [14] . The aim of this data review was also to determine whether it is safe and feasible to perform SLNB in patients with clinically suspicious
International Journal of Breast Cancer 3 axillary nodes in preoperative imaging studies, which showed that the sentinel procedure works well in a wide range of practice settings. Furthermore, alternative imaging addition diagnostic pathway demonstrated that the sensitivity and specificity of both PET and MRI before sampling methods vary significantly between studies. The advantage of adding strategy before sampling results in fewer FN cases (reduced from around 1.0% to 0.1% for MRI and to around 0.5% if PET is placed before sampling) due to the use of two sequential tests and fewer sampling procedures performed because sampling methods are avoided if MRI or PET results are positive. The disadvantages of these strategies are that there are more FP cases because the specificities of MRI and PET are lower than those of SLNB and 4-NS. FP increases from 0.2 to 6.3% for MRI prior to SLNB, which is the same as for the MRI replacement strategy [5] . In conclusion, in order to have similar levels of FP and FN cases for the sampling methods, the specificity of MRI and PET needs to be improved by close to 100%, which by definition is the specificity of 4-NS and SLNB. However, availability of PET and MRI scanning facilities would need to be considered if PET or MRI was recommended as part of the routine screening pathway for all patients with early breast cancer.
The Sentinel Node Procedure in Breast
Cancer. The axilla must be explored surgically because imaging techniques have limited sensitivity. Axillary involvement is found in 10-30% of patients with T1, depending on size, reaching 45% for small T2 tumors (2.1-3 cm) and 55-70% for larger tumors [15] .
Randomized trials in which the primary aim was to assess morbidity conclusively demonstrated a marked diminution of complications associated with the SLNB strategy when compared with routine ALND. In the ALMANAC outcome measures, the twelve-month risks of lymphedema and sensory loss after surgery were, respectively, 13% and 31% in the ALND group compared to 5% and 11% in the SLNB group [16] . Furthermore, specific results concerning the impact of sentinel strategy on recurrence and survival have confirmed the oncologic safety of healthy lymph nodes preservation. The eligibility criteria for a procedure are the main elements of a prognostic management classification system, but new quality indicators still need to be incorporated into clinical practice to evaluate the applicability and relevance for surgeons. When the authors excluded patients with tumors larger than 2 cm or multicentric, with prior excisional biopsy, younger than 40 years, or when a sentinel node was not found at lymphoscintigraphy and preoperative probe-guided inspection, the axillary relapse rate in the SLNB group was as low as 1.2% per 10-year follow-up [17] . Although this data is fully reassuring, the adopted wide exclusion criteria might limit the generalization of these conclusions in order to develop a more practical approach to quality assessment. All studies on SLN biopsy, according to established breast cancer quality indicators (QIs), report a variable falsenegative rate whose prognostic consequences are still unclear [17] [18] [19] [20] [21] [22] [23] [24] [25] (Table 2) patients randomly assigned to receive axillary lymph node dissection [18] . It is highly debated which patients can be offered sentinel surgery but the clinical research could benefit from new operational perspectives since it represents the next major step in reducing the extent of surgical procedures to treat breast cancer. False-negative SLNB results might impair patient outcomes for several reasons since missed nodes might lead to axillary recurrence that is difficult to treat and understaging could affect decisions about systemic and radiation therapy. In Hindié's et al. systematic review, results from large multi-institutional series showed that all have achieved excellent identification rates, ranging from 93.5% to 97.2%, but none achieved an FN rate lower than 5%, with a weighted average of 9.2%. Identification rate may thus serve as a reasonable quality indicator for sentinel biopsy because the lowest FN rates were obtained in the studies in which preoperative lymphoscintigraphy and dual mapping during surgery were required [26] . Dual mapping with radiotracer and blue dye, combining 2 different injection sites, and routinely using lymphoscintigraphy may improve accuracy. By providing the surgeon with a map of sentinel lymphatic channels, the new anatomical and functional acquisitions could validate the resection of all hot or blue spread, thereby showing the influence of the quantity of removed nodes on the FN rate. The different techniques used to identify the sentinel node form the basis for defining a concept which goes beyond any definition: the lymphatic drainage. The SLNB procedure uses radiotracers, dyes, or nanoparticles, and at the same time, produces different results including "the node closest to the primary lesion, " "the first node visualised at lymphoscintigraphy, " "the hottest node, " "all radioactive nodes, " "all blue nodes, " or "all nodes with a count rate that is a certain factor higher than that of the background or compared to other nodes. " The administration of radiopharmaceuticals may result in acceptable accuracy according to the introduction of a threshold of percentual activity in order to distinguish SNs from nSNs. However, the amount of tracer that is accumulated by a node depends not only on its positions in the drainage order but also on the number of lymphatic channels that enter the node and on parameters such as lymph flow rate [20] . The exact tracer patterns of a tumor site can simultaneously drain to more than one sentinel node, and differentiating a true SN from a secondary echelon node can be difficult. Goyal et al. reported that the false-negative rate in 842 clinically node-negative patients was 10.1% in those who had one SLN harvested compared to 1.1% in those with multiple SLNs (three or more) removed ( = 0.010) [21] . In the NSABP B-32, the FN rates were 17.7% if only one node was resected, 10% if two, 6.9% if three, 5.5% if four, and 1% if five or more [27] . These results should not translate into routine removal of multiple nodes but rather pose a question about the SLN procedure optimization. Moreover, variations in lymphatic channels may exist and thus may influence identification of positive sentinel nodes according to different procedures and modalities. To determine the effect of different injection sites for radiotracer and blue dye on FN rate the FRANSENODE trial strongly validates the periareolar injection technique giving the high detection rate (99.1%) of SLNB and high concordance (95.6%), thereby improving probe detection [22] . However, identification rate could also represent a false reassurance in the accurate analysis of the tumor lymphatic network if considering the different drainage patterns compared to the optimal injection path. According to Anan et al., no matter which mapping agents are used, a two-site injection method based on subareolar (SA) and peritumoral (PT) technique may be superior to a one-site injection in limiting the false-negative rate of SLNB for early breast cancer [23] . The success of sentinel channels mapping is optimized not only by using dye and isotope but also by a combination of PT and SA injections, which is useful for identifying the potential discordance between the hot and the blue nodes found in the 8.5% of patients by Noguchi et al. [28] . Based on available data, the intraparenchymal or peritumoral technique is necessary to evidence cases of extra-axillary drainage (internal mammary or infra-or supraclavicular) that is present in about 20% of patients and focus the discussion on several points that are still open to debate [24] . Therefore, surgical results are optimized when preoperative lymphoscintigraphy mapping is obtained in addition to preoperative probe detection. Failure to visualize a sentinel node is predictive of difficult intervention, and negative scintigraphy also heralds a higher risk of axillary involvement. In Brenot-Rossi's et al. experience, positive nodes were identified in 28.5% of patients with successful axillary drainage and in 63.3% with unsuccessful axillary drainage. More than four invaded axillary nodes ( < 0.0001) and the presence of lymphovascular invasion in the breast tumor ( = 0.004) were the only significant variables of univariate analysis, although multivariate analysis showed that only the increased number of invaded nodes was statistically significant [25] . Then, these results seem to indicate a prognostic predictive value for this event and, in cases of nonvisualization, some authors superficially reinject after peritumoral injection. However, sentinel nodes that appeared with rescue injections were associated with a significantly higher false-negative rate (23.8%) in patients for whom deep and peritumoral injections had failed [29] . Thus, when scintigraphy is negative after an adequate delay, one should check for the presence of macrometastases by ultrasound before surgery. When no sentinel node is identified at surgery, the new criteria produced by clinical trials might form the basis for designing a target node sampling according to the patient's risk of nodal involvement.
Anatomical Findings and Current Knowledge Prospects
The exact route of breast lymphatic drainage to the axilla continues to be debated, although recent studies provide more knowledge on the anatomical network. Different drainage patterns may help to investigate some important unresolved clinical problems, including different detection rates in different studies and high false-negative rates. Reasons for this have been technical, related to personal surgeon experience or the site of the radioactive tracer, which may not reach the lymph node especially if sited in a peritumoral position. Suami et al.
suggested that anatomical studies of the breast and anterior upper torso might help explain the percentages of falsenegative SLNBs and identify an appropriate injection site for SLN detection. The cross sectioned specimens, radiographed to provide three dimensional images of lymph collecting vessels, showed that although the majority of the breast drains to one sentinel node, every breast area is drained by more than one first-tier node in each study [7] (Figure 1 ). practical features, the relationship between the superficial lymphatics and the adult cancerous breast tissues has not been adequately described. There is currently insufficient certainty that drainage of tracer injected anywhere in or underneath the skin of the breast reflects drainage from the cancer, and some authors state that there is no constant route via the subareolar plexus [30] . Also, evidence that some of the torso vessels (perforating lymphatic system) pass from the periphery through the breast tissue on their way towards the axilla questioned the concrete evidence of a centripetal anatomical lymphatic pathway towards the subareolar plexus. Turner-Warwick revealed a direct pathway 6 International Journal of Breast Cancer from the tumor injection site to the axillary lymph node, concluding that the collecting vessels through the breast contribute to the drainage pattern and lymphoscintigraphy examinations [31] . The perforating system is connected to the deep lymphatic system and these collecting vessels have the same appearance as the superficial lymphatics as they course with the internal thoracic blood vessels. The color-coded diagrams of dissection, to simulate various injection sites for lymphatic mapping and sentinel node biopsy in breast cancer, suggest a mechanism for false-negative SLNB since more than one sentinel node drains every glandular tissue area. As reviewed by Wang et al., six lymphatic drainage patterns based on three types of sentinel lymphatic channels (SLCs) were found in 107 early stage breast cancer patients. The drainage pattern was a significant risk factor for unsuccessful identification of sentinel lymph node ( < 0.001) and falsenegative SLNB; whereas, patient age, tumor location, tumor size, pathology, and tumor grade do not affect the sentinel detection rate [6] . This helps explain the fact that in all quadrants of the breast, cancer has the potential to spread via the internal mammary lymphatics, especially if the tumor is medial or deep in the breast parenchyma. The variable contribution of perforating lymphatics along the branches of the internal mammary artery to lymphatic drainage cannot be clinically predicted, thus suggesting that accurate mapping for additional information requires peritumoral injection and alternative operating pathways in surgical management. Moreover variations in axillary clearance put the arm lymphatics at risk for disruption during axillary lymph node surgery [32] . The recent data collected on successful identification and protection of the arm lymphatics, in addition to further investigations of lymphedema occurrence, define any crossover between a hot breast node and a blue arm node. The goal of the axillary reverse mapping (ARM) pilot study was to develop a technique to identify and preserve arm lymphatic drainage, thereby decreasing the likelihood of disruption during ALND and, to a lesser degree, SLNB. In a series of 220 patients undergoing sentinel biopsy with or without axillary dissection, Boneti et al. revealed a rare ARM-SLN crossover rate (2.8%) but a more frequent anatomical juxtaposition in 40.6% of patients placing at risk for disruption during lymphadenectomy [33] (Figure 2) . Disruption of the blue ARM node due to proximity to the hot SLN may also explain the high rate of lymphedema seen after SLNB. Metastasis of the arm node develops in 0-43% of patients according to several topics [34] [35] [36] . Early reports have suggested that arm lymph nodes rarely contain metastatic disease and that their preservation may translate into a lower incidence of postoperative lymphedema, especially in cases of completion ALND. Other authors have used the technique during ALND in node-positive patients and found nonnegligible prevalence (10%-20%) of disease involving ARM nodes. Bedrosian et al. reported a Phase I trial conducted in 30 patients with cytologically documented axillary metastasis, 23 (77%) of whom received preoperative therapy. Of 11 patients who had axillary metastasis and at least one ARM lymph node identified, 18% had metastasis to the ARM node. The small number of patients enrolled in this pilot trial may have resulted in an overestimate of the risk of metastasis to the ARM node. Furthermore, even if axillary metastases were noted in 60% of cases, the disease clinical stage was II (A-B) and III (A-B-C) in 36.6% and 53.3%, respectively [37] . Nos et al. reported that ARM nodes showed metastatic involvement in 3 of 21 patients with N1-3 (14%) [35] . Similarly, in a study by Noguchi et al., the metastatic rate for arm nodes was 3 of 7 patients (43%) with a clinically positive node or positive SLNB, and all were pN3, highlighting a potential contraindication for high N stage [36] . Therefore, additional prospective studies in this patient population are warranted to provide a more comprehensive understanding regarding the relation between ARM lymph nodes with oncologic and functional endpoints. It is also important to point out that the concordance between the radioactive sentinel node and the blue ARM node needs to be better defined on the basis of clinical and pathological prognostic factors, varying in clinical trials from 3.9% to 18.9% [38, 39] . If more patients are included, statistical analysis would be possible and the relationship between the location and metastasis of arm nodes would be identified. The novel findings on anatomical mapping knowledge could produce further advances in surgical techniques, thus leading to optimal information for axillary staging and lymphedema microsurgical preventive healing approaches [40] .
Although the intradermal injection technique has attractive
Conclusions
There are clearly unfinished areas of research in the field of axillary lymph node surgery but the nodal status still remains the primary prognostic discriminant in breast cancer patients. The aims of new alternative diagnostic pathways were to evaluate the effects on patient outcomes and costeffectiveness of enhanced imaging (MRI and PET) compared with standard techniques in the assessment of axillary lymph node metastases. Lymphatic mapping with sentinel node approach is one of the most interesting recent developments in surgical oncology, allowing patients with metastasis to be treated in early phase without submitting other patients to unnecessary regional dissection. The technique assumes orderly progression of tumour spread to the regional node and biopsy of the first nodes in the lymphatic chain at risk for metastasis should therefore reflect involvement of the remaining nodes. However, the lymphatic interconnections variability makes the diagnostic procedure complex and with different results. Lymphatic mapping for early breast cancer has become the standard of care but there is as yet no single study that demonstrates conclusively which particular sentinel node protocol is best for a specific patient. It may also be useful for future studies to report diagnostic accuracy according to subgroups of patients with different stages and molecular subtypes of primary breast tumors in order to inform management decisions for these categories. The falsenegative rate is one of the safety parameters of SLNB and this result might impair patient outcomes for several reasons. Optimization of procedure could be implemented by dual mapping injection site skills, resection of all hot or blue nodes through tracer combination, and improvement in atypical drainage patterns mapping. Variations in lymphatic channels International Journal of Breast Cancer 7 may exist and thus influence detection of positive sentinel nodes. Frequently, more than one sentinel node drained the breast and the risk of missed axillary disease after negative SLNB would also progressively increase depending on tumor size. This anatomical analysis suggests safety measures in patients with high probability of node involvement through a renewed interest in surgical management. The perspective of a guided axillary sampling (GAS) could represent a potential development of recent anatomical and functional acquisitions, offering a dynamic technique shared according to clinical and anatomical disease parameters. Evolutions in lymphatic drainage mapping and its interconnections could explore the concept of disease progression with a new therapeutic value for the axillary staging procedures. Furthermore, lymph node dissection may adopt a conservative approach through the evaluation of upper arm lymphatics during axillary surgery, thus defining a functional model aimed at the reduction of short-and long-term adverse events. Quality results in breast cancer surgery need to generate oncological safety devoid of complications through renewed clinical experience.
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